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(54) Hard sintered body tool 

(57) A tool manufactured by brazing a hard sintered 
body such as a diamond or cBN to a tool substrate 
through a bonding layer comprising at least one of Ti 
and Zr by 1 5-65 wt% and Cu. Two ridges of the tool sub- 
strate on both sides each has a first ridge adjacent to 
and aligned with a ridge of the hard sintered body and 



a second ridge provided nearer to an inscribed circle of 
the tool than is the ridge of the hard sintered body. Also, 
an upright side face and a bottom of each seating groove 
formed in the tool substrate intersect each other at an 
angle smaller than the intersecting angle between a 
back side and a bottom of each hard sintered body. 



FIG. 1 
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Description 

[0001] This invention relates to a cutting, drilling or wear-resistant tool comprising a tool substrate and a hard sintered 
body of diamond or cubic boron nitride bonded to the tool substrate with high strength and rigidity, and a method of 

5 manufacturing the same. 

[0002] Sintered diamond manufactured by sintering fine diamond particles using a binder such as an iron-family 
metal in ultra-high-pressure, high-temperature environments, has far higher wear resistance than conventional ce- 
mented carbides, and is thus widely used as a material for cutting edges of cutting tools, wire-drawing dies : drill bits 
and wear-resistant tools. A sintered material made by sintering fine cubic boron nitride particles using various binders 

70 shows excellent performance when used for cutting hard iron-family metals and cast iron. 

[0003] Fig. 5 shows a conventional cutting tool having a hard sintered body bonded. A hard sintered body 1 is man- 
ufactured as a composite sintered body of diamond or cubic boron nitride lined with a support 2 of cemented carbide. 
This hard sintered body has its side of the support 2 brazed to a tool substrate 4 through a bonding layer 3 mainly of 
Ag or Cu to form a cutting tool as shown in Fig. 5. 

is [0004] During brazing, these composite sintered bodies are subjected to quick heating and cooling. Thus, according 
to conditions, cracks and breakage may occur at the bond interface between the hard sintered body 1 and the support 
2 of cemented carbide due to a difference in thermal expansion between these materials. Further, even after the cutting 
tool has been completed, according to the sintering conditions of the hard sintered body, due to low bond strength at 
the interface, under severe cutting conditions, peeling or chipping may occur during cutting. Thus, there was a problem 

20 in reliability of the tool. 

[0005] In order to overcome these problems, unexamined Japanese patent publication 60-85940 proposes to im- 
prove the reliability at the interface by forming a carbide or nitride of Ti or Zr at the interface between the sintered body 
and the support of cemented carbide. But since the composite sintered bodies are formed by bonding different materials 
that are different in thermal expansion, the effect of improvement was limited. 

2S [0006] On the other hand, it has been contemplated to bond the hard sintered body 1 (of diamond or cubic boron' 
nitride) to the tool substrate 4 not through the support 2 of cemented carbide but directly to eliminate the bond interface 
between the hard sintered body 1 and the support 2 of cemented carbide. Such tool structures are disclosed in unex- 
amined Japanese patent publications 59-134665 and 60-187603, examined Japanese utility model publication 
64-4839, lunexamined Japanese patent publication 2-274405, examined Japanese patent publication 3-17791, and 

30 unexamined Japanese patent publications 7-1 24804 and 9-1 089 1 2. These prior art publications disclose that an active 
metal layer is formed on the surface of a diamond sintered body or a cubic boron nitride sintered body, and it is bonded 
directly to a tool substrate by a brazing filler made mainly of Ag or Cu, or using an active brazing filler comprising a 
soft metal such as Ag, Cu or Au and an active metal such as Ti, Zr or Ta, such as Ag-Cu-Ti, Cu-Ti, Ag-Ti, Au-Ta or Au-Nb. 
[0007] I n these prior arts, since a sintered body of diamond or cubic boron nitride is bonded to a tool substrate through 

35 a bonding layer made mainly of a soft metal such as Ag, under severe cutting conditions, there were various problems 
such as lowering of the cutting accuracy or worsening of the surface roughness due to deformation of the bonding 
layer, chattering due to lack of rigidity, and erosion of the brazing material and breakage of the tool due to the fact that 
cutting heat produced at the tool cutting edge flows directly into the bonding layer through the sintered body which has 
a. high thermal conductivity. 

40 [0008] An object of the present invention is to provide a hard sintered body tool in which a hard sintered body of 
diamond or cubic boron nitride is bonded to a tool substrate through a bonding layer with high strength and rigidity , 
such that the hard sintered body will hot break or crack. 

[0009] An object of this invention is to prevent cracks and breakage of the hard sintered body when brazed while 
achieving high bond strength between the sintered body and the tool body. 
<s [0010] According to the present invention, there is provided a hard sintered body tool comprising a hard sintered 
body containing not less than 20 vo!.% of diamond or cubic boron nitride and bonded to a tool substrate through a 
bonding layer containing Ti and/or Zr by 15-65 wt% and copper. 

[0011] In a preferred embodiment of this invention, said bonding layer contains both TI and zr each by 20-30 wt%, 
and Cu. 

so [0012] In a still more preferable embodiment of this invention., said bonding layer further contains 10-30 wt% of Ni. 
[001 3] The bonding layer preferably has a melting point of 700- 1 000 °C. 

[0014] The hard sintered body may be bonded through the bonding layer directly to the tool substrate: 
[0015] The hard sintered body is preferably 0.25-1 .5 mm thick. 

[0016] The hard sintered body tool of the present invention has a polygonal tool substrate and a hard sintered body 
bonded to a corner of the tool substrate, two ridges of the tool substrate on both sides of the corner each comprising 
a first ridge adjacent to and aligned with a ridge of the hard sintered body and a second ridge provided nearer to the 
inscribed circle of the tool than is the ridge of the hard sintered body. 

[0017]; A hard sintered body tool having the first ridge which is 0.1-2.0 mm long, and a hard sintered body tool in 
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which the first and second ridges are connected together by a step of 0.01-1 mm are preferable. 
[0018] A hard sintered body tool is preferable which is formed with seating grooves at corners, the hard sintered 
body brazed to one of the seating grooves, the hard sintered body having a ridge as a cutting edge, each of the seating 
grooves having an upright side face and a bottom intersecting each other at an angle smaller than the intersecting 
angle of the bottom and the back side of the hard sintered body. 

[0019] The intersecting angle of the upright side face and the bottom of the seating grooves should preferably be 
between 75 0 and 87° . 

[0020] The upright side and the bottom of each of the seating grooves should preferably be connected together by 
a curved surface having a radius of curvature of 0.1 - 0.3 mm. 
[0021] The tool substrate may be made of a cemented carbide. 

[0022] According to the present invention the hard sintered body is brazed to a tool substrate through a brazing filler 
as a bonding layer in vacuum or in an inert gas atmosphere. 

[0023] Also, the hard sintered body nitride should be brazed to a tool substrate using a brazing filler containing Ag, 
In, Li, Mn, Zn, Cu, Ti and zr in a high vacuum to form a bonding layer consisting essentially of Cu, 7i and Zr to bond 
the hard sintered body to the tool substrate through the bonding layer. 

[0024] Also, the hard sintered body may be brazed to a tool substrate using a brazing filler containing Ag, In, Li : Mn, 
Zn, Cu, Ti, Zr and Ni in a high vacuum to form a bpnding layer consisting essentially of Cu, 71, Zr and Ni to bond the 
hard sintered body to the tool substrate through the bonding layer. 

[0025] Also, according to the present invention, there is also provided a method of manufacturing a hard sintered 
body tool in which a hard sintered body is bonded to a corner of a polygonal tool- substrate through a bonding layer, 
the method comprising the steps of providing each of two ridges of the tool substrate on both sides of the corner with 
a first ridge adjacent the hard sintered body, and a second ridge provided nearer to an inscribing circle of the tool than 
is the first ridge : bonding the hard sintered body to the corner of the tool substrate, and simultaneously grinding the 
ridges of the hard sintered body and the first ridges to form cutting edges on the hard sintered body. 
[0026] Other features and objects of the present invention will become apparent from the following description made 
with reference to the accompanying drawings, provided by way of example, in which: 

Fig. 1 is a sectional view of a cutting tool embodying the present invention; 

Fig. 2 is a sectional view of another embodiment; 

Fig. 3 is a sectional view of stiil another embodiment; 

Fig. 4 is a sectional view of still another embodiment; 

Fig. 5 is a sectional view of a conventional cutting tool of hard sintered body; - 

Fig. 6 is a front view of an insert embodying the present invention; 

Fig. 7 is a front view of the same before being ground; 

Fig. 8 is a front view of the same after grinding; 

Figs. 9A and 9B are side views of the same; 

Fig. 10 is a front view of a conventional insert; 

Fig. 11 is a side view of the same; 

' Fig. 1 2 is a front view showing a state before grinding in a conventional manufacturing method; - 
Fig. 1 3 is a similar view showing a state after grinding; 
Fig. 14A is a side view of a conventional insert; 
Fig. 1 4B is an enlarged side view of the same; 
Fig. 15A is a side view of another conventional insert: 
Fig. 15B is an enlarged side view of the same; 
Fig. 1 6A is a plan view of an insert embodying this invention: 
Fig. 16B is an enlarged sectional view taken along line X-X of Fig. 16A;. 
Fig. 17 is a partial enlarged sectional view of another embodiment; and 
Fig. 18 is a partial enlarged sectional view of still another embodiment. 

[0027] We, the inventors, ardently tried to develop a method of bonding a sintered body of diamond or cubic boron 
nitride to a tool substrate through a bonding layer with high strength and high rigidity without causing the sintered body 
to get broken or cracked. - . . .■,„•. 

[0028] As a result, we have found out that a diamond sintered body or a hard sintered body of cubic boron nitride 
can be bonded securely to a tool substrate without causing breakage or cracks by using a brazing material containing 
1 5-65. wt% Ti and/or zr, and Cu. 

[0029] For a material which can be a main component of the brazing material, the following two properties are re- 
quired: the bonding layer is less likely to be deformed even under high cutting force, and it can absorb strains due to 
a difference in thermal expansion when the sintered body of diamond or cubic boron nitride is bonded to the tool 
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substrate. 

[0030] Conventional brazing materials used for this purpose contain silver (Ag) as a main component. But Ag is so 
low in elastic modulus that the bonding layer tends to be deformed markedly in applications in which cutting force is 
high. Thus, Ag is not suitable as a component for a brazing material. In contrast, copper (Cu) is high in elastic modulus 
s and thus can absorb strains due to difference in thermal expansion. Thus, we have found out that it is important that 
the brazing material contain Cu. 

[0031] On the other hand, the bonding portion is subjected to high temperature due to cutting heat as well as high 
cutting force during cutting. Thus, in order to improve the reliability at the bonding portion, besides high bond strength 
' at norma! temperature, high heat resistance is needed to keep the strength high even at high temperatures. Metals 
10 belonging to groups Iva, va, via in the periodic table are higher in strength than Ag and Cu and also superior in high- 
temperature strength and resistance to deformation. 

[0032] We have found out that it is possible to obtain a brazing material with improved bond strength and high- 
temperature strength by adding such a metal in these groups to copper as a main component. Among the abovemen- 
tioned metals, Ti and Zr are especially high in high-temperature strength and activity. Thus, by adding Ti and/or Zr to 
is Cu, wettability to the brazing material improves, thus greatly improving the bond strength between the sintered body 
of diamond or cubic boron nitride and the tool substrate. 

[0033] If the content of Ti and/or Zr in the b razing material is less than 1 5 wt%, the bond strength and high-temperature 
strength will not improve. If over 65 wt%, the melting temperature tends to rise, thus increasing the possibility of causing 
chipping due to strain during bonding. The preferable content of 71 and/or Zr in the brazing material is thus between 
20. I5and60wt%. . 

[0034] If the Ti and Zr contents in the brazing material are both 20-30 wt%, the melting point will drop markedly due 
to the effect of the ternary eutectic crystal Ti-Zr-Cu. This is preferable because bonding is possible at a lower melting 
point. ' 

[0035] If a brazing material contains, besides the above-described elements, 10-30 wt% Ni, heat resistance and 
25 corrosion resistance will improve. If the Ni content is less than 10%, no improvement in high-temperature strength due 
to the addition of Ni will appear. If over 30 wt%, the melting point will increase, thus increasing the possibility of cracks 
or strains of the sintered body during bonding. The Ni content in the brazing filler is thus preferably between 10 and 
30wt%. 

[0036] By using a brazing filler having such a composition as described above, brazing can be carried out at a 

30 relatively low temperature, i.e. 600-1000 °C . 

[0037] The hard sintered body bonded to the tool substrate may be a well-known, hard sintered body containing 
diamond or cubic boron nitride by 20 vo.l.% or more and supported by a cemented carbide support. But since this 
composite is subjected to rapid heating and cooling during heat bonding, it may suffer cracks or chipping at the bond 
interface between the hard sintered body and the tool substrate due to a difference in thermal expansion between the 

35 two materials according to conditions. Thus : in order to obtain a more reliable tool of hard sintered body, it is preferable 
to directly bond a hard sintered body having no support to the tool substrate through the bonding layer. 
[0038] Even if a high-bond-strength brazing filler as described above is used, cutting heat produced at the tip of the 
tool cutting edge will flow in a large amount into the bonding layer through the highly heat-conductive diamond or cubic 
boron nitride sintered body if the sintered body is thinner than 0.25 mm, thus raising the temperature at the bonding 

40 layer and causing its deformation or chipping. Thus, it was found out that the diamond or cubic boron nitride sintered 
body has to have a thickness of at least 0.25 mm. If the thickness is more than 1.5 mm, grinding the cutting edge is 
troublesome. Thus, it was found out that from an economical viewpoint, the thickness of the sintered body is preferably 
1.5 mm or less. 

[0039] The tool substrate to which the hard sintered body is bonded may be made of any material so long as it is 
45 strong enough to withstand the cutting force, such as cemented carbide : steel or ceramics. Taking the material strength 
and the difference in thermal expansion coefficient between the substrate and the hard sintered body to be bonded 
thereto into consideration, cemented carbide is the most preferable. 

[0040] Next, in order to bond the hard sintered body to the tool substrate through the bonding layer having the above 
composition, it is necessary to heat and bond in a vacuum of 1 x 10" 3 to 1 x 10* 6 torr or an inert gas atmosphere such 

so as Ar using a brazing filler containing 15-65 wt% Ti and/or Zr, and Cu, a brazing filler containing Ti and Zr each by ' 
20-30 wt%, the balance being Cu, or a brazing filler further containing 10-30 wt% Ni, because during bonding/heating, 
it is necessary to prevent oxidation of the components of the brazing filler, particularly Ti and Zr. For this purpose, it is 
essential to heat and bond in the above-defined vacuum or inert gas atmosphere because in such an atmosphere, 
residual oxygen concentration is low. 

55 [0041] Also, in a method in which heat bonding is carried our in a high vacuum of about 1 x 10 ^ to 1 x 10" 6 torr using 
. a brazing filler containing Ag, In, Li, Mn, Zn, Cu, Ti and zrwith Ni added optionally, it is possible to form a bonding layer 
essentially consisting of Cu, Ti, Zr, or a bonding layer essentially consisting of Cu, Ti, Zr, Ni by vaporizing Ag, In, Li, 
Mn, and Zn. In this case, heat bonding can be carried out at a low temperature of about 700 °C . This lessens problems 



4 



EP 0 940 21 5 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50, 



55 



resulting from thermal expansion differences. Bonding layers formed by this method should also contain 15-65 wt% Ti 
and/or zr, and Cu : or contain Ti and Zr each by 20-30 wt%, the balance being Cu, or may further contain 10-30 wt% Ni. 
[0042] Even if the hard sintered body is bonded to the tool substrate in the method described above, a crack or 
chipping may develop in the hard sintered body according to conditions. 

[0043] As shown in Figs. 10 and 11 , at the bond portion between a ridge 1 8 of the hard sintered body 1 and a ridge 
17' of a tool substrate 4, the hard sintered body forms an acute angle. Thus, cracks and chippings tend to develop 
during the grinding for forming a cutting edge. 

[0044] Such a crack or breakage serves as a starling point of major breakage, thus lowering the bond strength and 
increasing the possibility of dropout of the hard sintered body during use. The tool life thus shortens. 
[0045] Figs. 12 and 13 show how a conventional insert is manufactured. Chipping and cracking tend to occur pre* 
sumably due to the shape of cutting edge tips of the hard sintered body having an acute angle. Such chipping or cracks 
tend to starffrom the ridge of the hard sintered body. In orderto remove such chipping or cracks, after brazing the hard 
sintered body, it is effective to grind the ridge 18 of the hard sintered body 1 and the ridge 17' of the tool substrate 4 
simultaneously, or separately until the chips or cracks are removed. 

[0046] ■ But if the tool substrate, which is typically made from a relatively soft material such as cemented carbide, is 
ground together with the hard sintered body the grinder tends to loading due to a large difference in hardness between 
the two bodies. Grinding simultaneously was therefore extremely labor-intensive. Since conventional insert bodies had 
long ridges that had to be ground simultaneously, grinding was all the more troublesome. 

[0047] In contrast, the insert according to the present invention, shown in Figs. 7 and 8, has first ridges 16 adjacent 
the tool substrate, and second ridges 17 provided nearer to the inscribed circle of the tool than are the first ridges 1 6. 
Thus, in the grinding step : only the short first ridges 16 are ground while the second ridges are not, so that chipping 
and cracks formed in the hard sintered body can be removed more easily. 

[0048] The hard sintered body insert according to the present invention comprises a polygonal tool substrate 4, and 
a hard sintered body 1 bonded to a corner of the tool substrate 4 and containing diamond or cubic boron nitride by 20 
vol% or more. Each of the two ridges of the tool substrate extending from the corner comprises a first ridge 1 6 aligned 
with and adjacent to a ridge 18 of the hard sintered body, and a second ridge 17 provided nearer to the tool inscribed 
circle than is the ridge 1 8 of the hard sintered body. 

[0049] For efficient grinding, the first ridges 16 of the tool substrate are preferably not longer than 2.0 mm but not 
shorter than 0.1 mm, because if shorter than 0.1 mm, cracks formed in the hard sintered body during brazing may 
extend to the first ridges 16. This may cause a portion of the tool substrate including the first ridge to chip off together 
with the cracked portion of the hard sintered body. 

[0050] if the insert is formed by grinding only the ridges of the hard sintered body and the first ridges of the tool 
substrate, at the end of grinding, the first ridges 16 will be connected to the second ridges 17 through steps 0.01 mm 
or more in height. But if these steps are higher than 1 mm, the protruding portion of the hard sintered body will be so 
large that the clamping rigidity of the insert will be poor, thus increasing the possibility of chattering during use. Thus, 
these steps should be preferably 0.01-1 .0 mm high. 

[0051] Even if the hard sintered body is bonded to the tool substrate in the method described above, crack or chipping 
may develop in the hard sintered body due to the difference in thermal expansion between the hard sintered body and 
the bonding layer in the brazing step, depending on the shape of the seating groove. 

[0052] As shown in Figs. 14 and 15, a recess 25 is formed at the corner of the side face 23a or the bottom 23b of 
the seating groove 23 to avoid interference with the edge of the hard sintered body. But the recess 25 locally increases 
the brazing filler layer, thus causing stress concentration, which in turn promotes cracking and breakage of the hard 
sintered body as shown at C in Figs. 14B and 15B. 

[0053] In contrast, with the insert of the present invention shown in Figs. 16-1 8, the upright side face and the bottom 
of the. seating groove intersect at an angle smaller than the intersecting angle between the back side and the bottom 
of the hard sintered body, so that a recessed portion is formed at the comer of the seating groove without the need to • 
form the recess 25. 

[0054] Thus, the thickness of the brazing filler layer increases gradually toward the center of the insert. This prevents 
local stress concentration, thus reducing the possibility of the hard sintered body getting cracked or broken during 
brazing. 

[0055] A hard sintered body having a bottom and a back side intersecting at a right angle (that is, the angle at lower' ' " 
back edge being 90° ) would be easier to manufacture. If the intersecting angle between the upright side face and the . 
bottom of the seating groove is over 67° , the effect of the recessed portion will be insufficient. Also, the hard sintered 
body tends to be brazed inclined. On the other hand, if this intersecting angle is less than 75° , the brazing filler layer 
will be so thick at the lower back edge of the hard sintered body that it may become difficult to prevent' cracking or 
breakage, depending upon the brazing conditions. The intersecting angle should therefore be within the range of 75° 
and 87° . * 

[0056] By connecting the upright side face with the bottom through a curved surface, it is possible to avoid stress • 
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concentration at the corner of the seating groove due to cutting resistance. If the radius of curvature of the curved 
surface is over 0.3 mm, the effect of provision of the recessed portion will be insufficient. If less than 0.1 mm, the effect 
of the curved surface may be insufficient. Thus, the radius of curvature of the curved surface should be 0. 1 mm - 0.3 mm. 
[0057] In Figs. 16-18, the insert 10 of each embodiment has a tool substrate 4 made from cemented carbide and 
formed with a seating groove 23 at one corner. A hard sintered body 1 containing diamond or cBN by 20% by volume 
or more is brazed in the seating groove 23. The hard sintered body 1 shown in Fig. 16 has a support layer 2 made 
from cemented carbide and bonded to its bottom. The sintered bodies of Figs. 17 and 18 have no such support layer 
and are made from a single materia!. After brazing, the ridge of each hard sintered body 1 is ground to form a cutting 
edge 24. 

[0058] Each seating groove 23 formed in the tool substrate 2 is defined by.an upright side face 23a and a bottom 
23b. The hard sintered body 1 of any of the inserts 10 shown has a lower back edge angle of 90°, while the intersecting 
angle 9 formed by the upright side face 23a and the bottom 23b is 90° or less (preferably 75° - 87° ). 
[0059] In the embodiments of Figs. 1 6 and 1 7, the bottom 23b extends parallel to the top surface of the tool substrate 
2 so that the bottom surface 23b can be used as a reference in positioning the hard sintered body 1 when it is brazed. 
In the embodiment of Fig. 1 3, the side face 23a, which extends perpendicularly to the top surface of the tool substrate 
2, may be used as a reference in positioning the hard sintered body 1 . 

[0060] In any of the embodiments, the comer of the seating groove 23 : namely, the connecting portion of the side 
face 23a and the bottom 23b forms a curved surface 23chaving a radius of curvature of 0.1 mm - 0.3 mm. 
[0061] The insert of this invention may have a triangular shape as viewed from above as shown in Fig. 16A, or may 
be square, diamond-shaped or of any other shape. 

[0062] Figs. 1-4 show hard sintered tools embodying this invention. The tools shown are all examples as applied to 
throwaway inserts for cutting. 

[0063] In the figures, numeral 1 is a hard sintered body containing diamond or cubic boron nitride by 20 vol.% or 
more, 2 is a cemented carbide support lined to the hard sintered body 1 by integral sintering for supporting it, and 3 is 
a bonding layer for bonding the hard sintered body of Fig. 1 or the composite sintered body of Fig. 2 to a tool substrate 
4. This bonding layer is a layer formed by a brazing filler and comprises Ti and Cu, Zr and Cu, or Ti, Zr and Cu, with 
Ni added optionally. The contents of Ti, Zr and Ni have to be within the range specified in the present invention. The 
tool substrate 4 is made of a cemented carbide. 

[0064] In the embodiments of Figs. 1 and 2, a hard sintered body 1 is mounted on only one corner of the tool substrate 
4 on one side thereof. But such sintered bodies may be mounted on both corners of one side as shown in Fig. 3 or all 
the corners of the tool substrate as shown in Fig. 4. 

[EXAMPLE 1] 

[0065] Table 1 shows various brazing materials prepared to examine the influence of the Ti and Zr content in the 
bonding layer on the bond strength and the cutting performance. 

[0066] The brazing materials 1 A-1 D in Table 1 have different Cu, TI and Zr contents from one another. 
[0067] In order to prepare specimens for the brazing material, brazing material powders having compositions shown 
in Table 1 were prepared and mixed with an organic solvent (terpineol C 10 H 18 0) to form pasty brazing materials 1 A- 
1D. In order to evaluate the bond strength between the cubic boron nitride sintered body and the tool substrate of 
cemented carbide, 10 mm-long rod-shaped samples of cubic boron nitride having a 2.5 mm square section and a 
longitudinal length of 10 mm and samples of cemented carbide substrate were prepared. The brazing materials 1A- 
1D were then applied to their bonding surfaces and the samples were heated under a vacuum of 1 x 10 " 5 torr at 
temperatures shown in Table 1 . Then, four sides of specimens 2A-2D bonded by bonding materials 1 A-1 D were ma- 
chined on four sides so that they have a 2 x 2 mm square section, and the shear strength at the bonding portion was 
measured for each specimen. Table 2 shows the results of measurement. 

[0068] For specimen 2D, since the Ti and Zr contents were high, the melting point rose, so that the brazing material 
had to be heated to a high temperature to melt it. Cracks thus formed in the cubic boron nitride sintered body, making 
it impossible to measure the bond strength. 

[0069] In contrast, specimens 2A-2C showed high bond strength. In particular, for specimens 2B and 2C, which are 
within the scope of the present invention, destruction did not start from the bonding layer due to high T\ and zr contents. 
Thus they showed high bond strength. 

[0070] Then, in order to evaluate the cutting performance, cubic boron nitride sintered bodies were bonded to tool 
substrates of cemented carbide using brazing materials 1 A-1C to form test tools 3A-3C shown in Fig. 1 and Table 3. 
Cutting tests were performed under the following conditions. The cubic boron nitride sintered bodies used were 0.75 
mm thick. 

Workpiece: round rod of carburized steei (SCM415) 
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Hardness of workpiece: HRC62 
Peripheral speed of workpiece: 200 m/min 
Depth of cut: 0.5 mm 
Feed rate: 0.16 mm/rev 
Cutting time: 5 min 

[0071] As a result, for tool 3A : due to low heat resistance of the bonding layer, the brazing strength dropped due to 
cutting heat during cutting, causing the hard sintered body to drop off. Thus, it was impossible to continue evaluation. 
In contrast, for tools 3B and 3C, which satisfy the claimed requirements of the present patent, the bond strength of the 
hard sintered body was high and the high-temperature strength was good, so that no dropping or chipping of the hard 
sintered body occurred during cutting. Stable machining was thus possible. 

[EXAMPLE 2] 

[0072] Table 4 shows various brazing materials prepared to. examine the influence of the Ni content in the bonding 
layer on the high -temperature strength. The brazing materials 4A-4D in Table 4 have different Ni contents from one 
another. " 

[0073] The specimens were prepared by preparing brazing material powders having compositions shown in Table 
4, mixing them with an organic solvent (ethanol) to obtain pasty brazing materials 4A-4D. In order to evaluate the 
bonding strength between the cubic boron nitride sintered body and the cemented carbide tool substrate, 10mm long 
rod-shaped samples (of 2.5 mm square section) of cubic boron nitride sintered bodies and cemented carbide substrates 
were prepared. Brazing materials 4A-4D were applied to their bonding surfaces and they were bonded together by 
heating them in an Ar atmosphere at temperatures shown in Table 4. Then, specimens 5A-5D bonded together by 
brazing materials 4A-4D were machined on their longitudinal four sides so that they have a 2 x 2 mm square section. 
The bonding layer was 30u. m thick. Table 5 shows the results of evaluation of the shear strength of the specimens in 
a high-temperature atmosphere of 350 °C 

[0074] For specimen 5D, the Ni content in the brazing material was high, so that the melting point rose. Thus, the 
brazing material melted only at a high temperature. The cubic boron nitride sintered body thus cracked, making it 
impossible to measure the bond strength. 

[0075] In contrast, specimens 5A-5C showed high bond strength. In particular, 5B and 5C, which were within the 
scope of the claims of the present invention and were high in Ni content, were less likely to oxidize at the bonding layer " 
at high temperature, and high in high-temperature strength. 

' [EXAMPLE 3] 

[0076] Table 6 shows various cutting tools prepared to examine the influence of the thickness of the hard sintered 
body to be bonded on the cutting performance. 

[0077] Cutting tools 6A-6D in Table 6 were prepared by bonding diamond sintered body 'to tool substrates of cemented 
carbide through brazing materials shown .in Table 6 in the same manner as in EXAMPLE 1. They were evaluated for 
cutting performance under the following conditions: 

Workpiece: AM 8 wt% Si round rod having four axial grooves 

Peripheral speed of workpiece: 500 m/min ' - 

Depth of cut: 1.5 mm 

Feed rate: 0.2 mm/rev 

Cutting time: 10 min 

[0078] Table 7 shows the results of measurement. 

[0079] For tool 7 A, because the diamond sintered body was thin, cutting heat produced at the cutting edge flowed 
in a large amount into the bonding layer, softening it and lowering the bond strength. This resulted in chipping of the : 
tool during cutting. In contrast, for specimens 7B-7D, because the diamond sintered bodies were thick, cutting heat 
produced at the cutting edge was dispersed and dissipated, so that no softening of the bonding layer occurred. Thus, . 
it was found out that high bond strength was maintained and stable machining was possible. [EXAMPLE 4] " ' "' 
[0080] Table 8 shows cutting tools prepared to mainly examine the effect of the composition of bonding layer on the • 
cutting performance. 

[0081] For cutting tools 8A-8F in Table 8, -brazing fillers shown in Table 8 were used to bond a diamond sintered body 
supported by a cemented carbide member under the respective' brazing conditions to the tool substrate. The compo- 
sitions of the bonding layers formed by the heat-bonding step are shown in Table 9. Table 10 shows the results of 
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performance evaluate tests for the cutting tools 8A-3F under the following cutting conditions: 

Workpiece: Al -20 wt% Si round rod with four axial grooves 
Peripheral speed of workpiece: 800 m/min 
Depth of cut: 5.0 mm 
Feed rate: 0.35 mm/rev 
Cutting time: 20 min 

chipped as a result. In comrls 0 S « £ S * T" 19 8nd ,0Wering the bond s,ren * h - ™* 
[EXAMPLE 5] 

too, substrates firs' ridg S con S« ^ZXSSSIT * ^ Tab ' 6 1 1 ^ °" ,heir 

scribedcircle than are the first ridg* Th" fir* L«™h* t b ° d * 3nd S6cond rld 9 es P rovi <^ nearer to the tool in- 
» dimensions from each otheT nd9eS - ThefirStnd9 esandtheste P s, herebetween of the respective inserts have different 

-~acomerof^ 

a vacuum of 1x10^ torr. y nav,n 9 a ^ -J-25Zr-50Cu composition in 
Ssint?^ 

neously. Table 1 2 shows ITZl taken , Snn f h th ' °' the ,001 SUbStra,e Were 9 round si ^^- 

to remove cracks 0.2 mm in depth Sh 32e^ ITT remainin9 ,0r 6ach Specimen - ln 

each ridge to the depth of 0 25 1 " P ° f hard Sin ' er8d body ' 11 was necessaf V to grind 

underthe following conditions. The results ar! ^shown in Table 13 ' ' ** WaS COnd " cted 



25 



30 



35 



40 



45 



50 



55 



Workpiece: -carburized steel (SCM415) having 6 longitudinal grooves 

Hardness of workpiece: HRC62 

Peripheral speed of workpiece: 200 m/min 

Depth of cut: 0.5 mm 

Feed rate: 0,1 6 mm/rev 

Cutting time: 5 min 



edge. Th us , «,. »„ ha be ^pp™ * "" PP " 9 01 te,d sinl8rea bM y *' ««9 



[EXAMPLE 6] 



manner as inEXAMPl £ 1S^^^IZ!S^, ,, 5 T" * ^ 14 Prepared h ,hS same 
fillers shown in Table 14. ier cu S X w 1 ^S^"^ -C1 ^^^^ rt, «*o 
.eng,ho f ,0mm and the steps oeSnTfi^ 
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[0093] Table 15 shows the results of cutting evaluation for the samples of Table 14. 

[0094] As a result, for the tool 15A, cutting heat produced at the cutting edge flowed in a large amount into the 
bonding layer because the diamond sintered body was thin. This.resulted in the chipping of the tool during cutting due 
to the softening of the bonding layer and the lowering of the bond strength. In contrast, for 15B-15D, cutting heat 
produced at the cutting edge dispersed and dissipated because the diamond sintered body was thick. Thus, the bonding 
layer did not soften, so that high bond strength was maintained. Stable machining was thus possible. 
[0095] But for specimen 15D ; a long time was needed for grinding as shown in Table 14. Thus ; much labor was 
needed to manufacture this insert! Thus, only specimens 15B and 15C, which were within the scope of the present 
invention, were high in cutting performance and economical as well. Trie evaluation was made under the following 
conditions: 

Workpiece: A1-18 wt% Si round rod having four axial grooves 
Peripheral speed of workpiece: 600 m/min 
Depth of cut: 1.5 mm 
Feed rate: 0.2 mm/rev 
Cutting time: 10 min 

[0096] The bonding layers used in this invention is high in both heat resistance and corrosion resistance, and they 
can wet with the hard sintered body and are high in rigidity. Thus, such fillers impart especially large stress to the hard 
sintered body during brazing. Therefore, it is extremely important to suppress stress concentration to prevent cracking 
or breakage of the sintered body so that the effect of this invention will become conspicuous. 

[EXAMPLE 7] 

[0097] Seven kinds of tool substrates made of cemented carbide and having different intersecting angles formed by 
the side and the bottom of the seating grooves as shown in Table 16 were prepared. A sintered body of cBN (having 
a lower back edge angle of 90° ) containing 55% by volume cubic boron nitride was brazed to the seating groove (with 
a curved face having a radius of curvature of 0.2 mm at corner) of each tool substrate using a brazing filler having a 
composition of 25% Ti - 25% Zr - 50% Cu in weight percent in a vacuum of 1 x 10" 4 torr. 
[0098] Then, cutting edges were formed by grinding the ridges of the respective sintered body of cBN. 
[0099] The thus formed seven kinds of inserts (Specimens 16A-16G) were observed to determine if there was any- 
thing abnormal on the sintered body, and also the maximum thickness of the brazing filler layer of each specimen was 
measured. 

[0100] The results are shown in Table 16. 

[0101] For Specimens 16Fand 16G, the brazing layer, was too thick at the recessed portion of the seating groove, 
so that the strain grew large due to shrinkage of the brazing layer. This produces a large strain and increases chance 
of cracking in the sintered body, (In fact, some of Specimens 16F and 16G suffered cracks) 

[0102] For Specimen 16A, the lower back edge angle of the sintered cBN bodies was equal to the corner angle of 
the seating grooves, so that no effect was observed by the formation of recessed portion. The sintered cBN bodies 
were thus brazed inclined. ' 
[0103] For Specimens 16B-16E, no inclination of the sintered bodies, no cracks, or no other abnormality was ob- 
served. They were exactly as designed. 

[EXAMPLE 8] 

[0104] In order to examine what influence the sectional shape of the connecting portion between the upright side 
face and the bottom of each seating groove formed in the tool substrate has on the bonding strength of the hard sintered - 
body and the cutting performance of the insert, five kinds of Specimens 17A-17E (inserts) shown in Table 17 were . 
prepared. For each specimen, the intersecting angle between the upright side face and the bottom of each seating 
grove was 85° , and the upright side face and the bottom were connected together by a curved surface. The curved 
surfaces of the respective specimens had different radii of curvature as shown in Table 17. A cBN sintered body (cBN 
content: 55 vol%, lower back edge angle: 90° ) having a support layer made of cemented carbide bonded to its back 
was brazed to the seating groove of each tool substrate using a brazing filler having a composition of 40Ti-20Zr-25Cu- 
15Ni in an atmosphere containing argon at 850°C . Cutting edges were finished by grinding. 
[0105] Table 17 shows the bonding condition for Specimens H-L and whether or not cracks were found. 
[0106] For Specimen 17E, the effect of provision of recessed portion was lost because the curved surface had too 
large a radius of curvature. As a result, the hard sintered bodies were brazed inclined. 

[0107] For Specimens 1 7A-17D, mounting condition was good and no cracks were found in the hard sintered bodies. 



EP 0 940 215 A1 
[0108] For Specimens 17A-17D, cutting performance 



test was conducted under the following conditions, 
grooves in the outer periphery 



Workpiece: Carburized steel (SCM 415) having six longitudinal 
Hardness of workpiece: HRC62 
Cutting speed at the surface of the workpiece : 200 m/min 
Depth of cut: 0.8 mm 
Feed rate: 0.2 mm/rev 
Cutting time: 5 minutes 

of the ssatin9 9roove due 10 c «°" - 

groove corner had too small radius of curvature " ' ' ** CM SUrface ,0 ™9 the -a* 

^J^~ - - — — were suifcb,, so that no 

SEIZES r 2 ST* bondin9 ,he hard sin,ered body to ihe too1 

rigidly without the possJity of breaSgTa c I eSTSSS ^IT - ^ be b0nded and 
than conventional Ag and can absoSns Zto ^JT "J? **" * higher in elas,ic m ° dulu * 

strength ! and activity^ ^ 

bondstrength. ^ no ^ u . wettability of the bonding materal improves. This markedly improves 

s cutg £sr possible ,o prevent ^ and chipping ° f ^ *«— ««* a**-** 



r- [Table 1] 


Specimen of bonding material 


Composition of bonding material 


Bonding temperature 


1A 


5Ti- 5Zr-90Cu 


910 °C 


1B 


15TM5Zr70Cu 


900 °C 


1C 


25Ti.252r.S0Cu 


850 °C 


10 

(1Band 1C embody the Dre 


30Ti-402r.30Cu 

sent invontinn\ 


1100 °c J 





Specimen 


Shear load (kgf) 


Shear strength (kgf/mm*) 


2A . 


102 


25.5 • 


2B 


153 


38.3 


2C 


201 


50.3 


2D 


unmeasurable 


unmeasurable 


(2B and 2C embody the present invention) "[ 



Specimen 


Width of flank wear (fim) 


3A 


Hard sintered body dropped out 


3B 


125 - 


3C 


121 


(3B a. »J Jo ernoooy tne present invention) 
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[Table 4] 



Specimen of bonding material 


Composition of bonding material 


Bonding temperature 


4A 


4OTi.20Zr-40Cu 


910°C 


4B 


40Ti.20Zn25Cu.15Ni 


880°C 


4C 


40T1-20Zr.15Cu.25Ni 


920°C 


4D 


40Ti.20Zr.5Cu.35Ni 


1110°C 


(4B and AC embody the present invention) 



[Table 5] 



Specimen 


Shear load (kgf) 


Shear strength (kgf/mm 2 ) 


5A 


82 


20.5 


5B 


121 


30.3 . 


5C 


133 


33.3 


5D 


unmeasurable 


unmeasurable 


(5B and 5C embody the present invention) 



[Table 6] 



Tool specimen 


Composition of bonding material 


Bonding temperature 


thickness of diamond sintered body 
(mm) 


6A 


15Ti-15Zr.60Cu 


810°C" 


0.2 


6B 


15TM5Zr-60Cu 


810°C 


0.5 


6C 


15Ti-15Zr.60Cu 


810°C 


1.0. 


6D 


15Ti.15Zr-60Cu 


810°C 


1.5 


(6B, 6C, 6D embody the present invention) 



[Table 7] 



Specimen 


Width of flank wear (u/n) 


7A 


chipped . 


7B 


105 


7C 


116 


7D 


101 


(7B, 7C, 7D embody the present inyen- . 
tion) . 



[Table 8] 



Tool specimen 


Composition of brazing filler 


Bonding temperature . 


. Bonding atmosphere 


■ 8A 


59Ag-23Cu-13ln-57l . 


700 °C 1 


inArgas 


.88 


59Ag-23Cu-13ln-5Tr ■ 


700 °C 


in vacuum (1x10 _5 torr) ' 


8C 


70Ag-25Cu- 5Ti 


810 °C 


in Ar gas . 


8D 


70Ag-25Cu« 5T1 


610 °C 


in vacuum (1x10' 5 torr) 


8E 


25Ti-25Zr-50Cu 


630 °C 


in Ar gas 
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Tool specimen 
8F 



Composition of brazing filler 
25Ti-25Zr-50Cu 



[Table 8] (continued) 



_Bonding temperature Bonding atmosph- 



630 °C 



in vacuum (1x10^torr) 



Tool specimen 


| Composition of bonding layer after heat treatment 


9A 


59Ag-23Cu«13ln- 5Ti 


9B 


82Cu-18Ti 


9C 


70Ag-25Cu- 571 


9D 


84Cu-16Ti ^ 


9E 


25Ti-25Zr-50Cu 


9F 


25Ti-25Zr-50Cu 



[Table 10] 



Tool specimen 


Depth of wear on the flank 


9A 


chipped j 


9B. 


301 uxn | 


9C 


chipped 


9D 


300 jim 


9E 


289ujti 


9F 


303 um 


[Table 11] 
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[Table 12] 



Sample 




Length of first 
ridge after 

nrinHinn fmrn\ 
y i ii ivjii ly ill l ly 


Step between 
first and second 

riHnoc aftor 
i luy co cti mi 

grinding (mm) 


Cracks observed? 


Machining time 
(sec.) 


12A 


Comparative 
Example 




n 


KI- 
NO 


181 


12B 


Comparative 
Example 




A 

V 


Mo 

NO 


91 


12C 


Comparative 
Example 






NO 


93 


12D 


Comparative 
Example 






- NO 


98 


12E 


Comparative 
Example 




n 


NO 


100 


12F 


Comparative 
Example 


0.05 


0.55 , 


Yes 


49 


12G 


Example 


0.15 


0.55 


No 


51 


12H 


Example 


1.0 


0.55 


No 


. 57 


121 


Comparative 
Example 


2.5 


n 55 


NO 


81 . 


12J 


Comparative 
Example 


0.05 


1 1C 
1.13 


Vac 

yes 


48 


12K 


Comparative ' 
Example 


0.15 


1 1 5 


NO 


CO 

52 


12L . 


Comparative 
Example . 


1.0 - 


1.15 


No 


53 


12M 


Comparative 
Example 


' 2.5 


1.15 


No 


79 



[Table 13] 




Specimen 




Width of flank wear (u,m) 


13G.. 


Example 


: 125 


" 13H..\ 


Example ' ■ 


, / 121. 


13K ' 


Comparative Example . 


Cutting edge broke. 


. 13L'.'. 


Comparative Example 


. Cutting edge chipped . 



[Table 14] " \ ' ; ' 



Tool specimen 




Composition of. 
bonding material - 


Bonding temp. 


Thickness of 
diamond sintered . 
body (mm) 


Grinding time . 
(sec.) Vii* : 


14A 


Comparative 
Example 


25Ti-25Zr-50Cu 


820 °C 


0.2 . 


»149 


14B 


Example 


25Ti-252r-50Cu 


820 °C , 


0.5 


155 



13 



EP 0 940 215 A1 



Tool specimen 
14C 


Example 


Composition of 
bonding material 

25Ti-25Zr-50Cu 


((jonunuea) 
Bonding temp. 


Thickness of 
diamond <?inf ptpH 
ooay (mm) 


Grinding time 
(sec.) 


14D 


Comparative 
Example 


25Ti«25Zr-50Cu 


620 °C 
620 °C 


1.0 
1.8 


175 

301 











[Table 15 




specimen 




Width of flank wear (pm) 


15A 


Comparative Example 


chipped 


15B 


Example 


105 . 


15C 


Example 


116 


. 15D 


Comparative Example 


101 



Table 16] 
Angle between bottom 
surface and upright 
side 




Specimen 


- t W , ,J 

Radius of curvature of curved surface 


State of bond 


17A 


. 0.01mm 


no cracks 


17B 


0.1 mm 


no cracks 


17C 


0.2 mm 


no cracks 


17D 


0.3 mm 


no cracks 


17E 


0.4 mm 


Hard sintered body inclined 



Specimen 


Width of flank wear 


17A 


Cutting edge chipped 


176 


198 u.m 


17C 


210 u.m 
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[Table 18] (continued) 



Specimen 


Width of flank wear 


17D 


188 \im 



Claims 

1. A hard sintered body tool comprising a tool substrate and a hard sintered body containing not less than 20 vol.% 
of diamond or cubic boron nitride and bonded to said tool substrate through a bonding layer comprising at least 
one of Ti and Zr by 15-65 wt%, and copper. . 

2. A hard sintered body tool as claimed in claim 1 wherein said bonding layer comprises 20-30 wt% of Ti and 20-30 
wt% of Zr. • 

3. A hard sintered body tool as claimed in claim 1 or 2 wherein said bonding layer further contains 10-30 wt% of NL 

4. A hard sintered body tool as claimed in any of claims 1 -3 wherein said bonding layer has a melting point of 700-1 000 
°C. . 

5. A hard sintered body tool as claimed in any of claims 1-4 wherein said hard sintered body is directly bonded to 
said tool substrate through said bonding layer. 

5. A hard sintered body tool as claimed in claim 5 wherein said hard sintered body is 0.25-1.5 mm thick. 

7. A hard sintered body tool as claimed in claims 1-6 wherein said hard sintered body is bonded to a corner of a 
polygonal tool substrate and two ridges of the tool substrate on both sides thereof each comprise a first ridge 
adjacent to and aligned with a ridge of said hard sintered body and a second ridge provided nearer to an inscribed 

. circle of the tool than is the ridge of said hard sintered body. 

8. A hard sintered body tool as claimed in claim 7 wherein said first ridge is 0. 1 -2.0 mm long. 

9. A hard sintered body tool as claimed in claim 7 or 8 wherein said -first and second ridges are connected together 
by a step of 0.01-1 mm. 

i 

1 0. A hard sintered, body tool as claimed in any of claims 1 -9 wherein said tool substrate is formed with seating grooves 
at corners, said hard sintered body brazed to one of said seating grooves, said hard sintered body having a ridge 
as a cutting edge, each of said seating grooves having an upright side face and a bottom intersecting each other 
at an angle smaller than the intersecting angle of the bottom and the back side of said hard sintered body. 

11. A hard sintered body tool as claimed in claim 10 wherein the intersecting angle of said upright side face and the 
bottom of said seating grooves is between 75° and 87° . . : 

12. A hard sintered body tool as claimed in claim 10 or 11 wherein said upright side and the bottom of each of said 
seating grooves are connected together by a curved surface having a radius of curvature of 0. 1 - 0.3 mm. 

13. A hard sintered body tool as claimed'in any of claims 1-12 wherein said tool substrate is made of a cemented 
carbide. •• "_■ • •*.;••' 

14. A method of manufacturing the tool claimed in any of claims 1-6 and 1 3 wherein a hard sintered body containing 
. 20 vol.% or more of diamond or cubic boron nitride is brazed to a tool substrate through a brazing filler as a bonding 

layer in vacuum or in an inert gas atmosphere. ' . 

15. A method of manufacturing the tool claimed in any of claims 1 : 2 and 4-6 and 13 wherein a hard sintered body 
containing 20 vol.% or more of diamond or cubic boron nitride is brazed to a tool substrate using a brazing filler 
containing Ag, In, Li, Mn : Zn, Cu, 71 and zr in a high vacuum to form a bonding layer consisting essentially of Cu, 
Ti and Zr, whereby bonding said hard sintered body to said tool substrate through said bonding layer. 
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A3, In, Li. «*,. Z „, cu, Ti Z, and Ni In a hto » "„™ ,t to™ i ? ? S ,' >S " a,e " !i " B " tei "9 «"« =on B ™g 
«... to*,.*, tartSi^S?^ aZofaaX'r, 1 ", 5 '*" 9 01 »> *" 
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FIG. 8 
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FIG. 10 
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FIG. 12 
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FIG. 14A 
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FIG. 15A 
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FIG. 16A 
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FIG. 17 
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FIG . 18 
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